Liposome disintegration by either ultrasonic vibration or sodium cholate solubilization was investigated as a function of cholesterol (CH) content in the egg phosphatidylcholine (PC) liposome membrane. Turbidity changes were used as an indication of the membrane stability to these stresses. First-order disintegration constants (kufor ultrasonic stress and ksfor sodium cholate solubilization) were calculated to evaluate the membrane stability. A plot of ku against membrane CH content gave a sigmoidal curve on which inflection points occurred at about 15 mol% and 33 mol% CH. In contrast, the plot of ks against membrane CH content gave a biphasic curve with only one inflection point at about 17 mol% CH. These results can be explained in terms of the molecular packing model of phospholipids and CH proposed by Presti et al. (Biochemistry, 21, 3831 (1982)). Disintegration by ultrasonic stress was little affected by the accumulation of CH-rich domains up to 15 mol% CH, but disintegration by sodium cholate was abruptly suppressed in the same CH . content range. These results indicate that the mechanisms of disintegration of CH-rich domains and interfacial boundary phospholipid are entirely different between the two stresses.
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In the liposome disintegration by sodium cholate, it was suggested that the penetrationsaturation step of the surfactant molecule into the bilayer is rate-determining for pure PC liposomes, while the lamellar-micellar transition step is rate-determining for CH-rich liposomes. The physical integrity of liposomes is affected by a variety of external stresses-such as ultrasonic vibration, surfactants and freezing.1-6) Ultrasonic vibration, used for the size reduction of vesicles, transforms large multilamellar liposomes into small vesicles. An explanation of this rearrangement process has been given:7) The destruction of liposomal structures by bile salt surfactants may be one of the important factors influencing drug carrier activity after oral administration. 3, 4) The ability of liposomes to resist degradation by externally applied stresses depends on lipid composition, in particular cholesterol (CH), and also vesicle size and surface charge, 8) We studied the disintegration of phosphatidylcholine (PC)/CH liposomes caused by ultrasonic vibration and sodium cholate solubilization. The time course of vesicle disintegration was followed by measuring the turbidity changes. Disintegration rate constants obtained from turbidity measurement were used to evaluate the stability of liposomes to these externally applied forces.
Experimental

Materials
PC was extracted from egg yolk and purified by column chromatography on silicic acid (Mallinckrodt, St. Louis).9) Sodium cholate was purchased from Katayama Chem. Co. (Osaka), and recrystallized from acetic acid as cholic acid. CH and all other chemicals were of reagent grade. (1) where k is the size-independent disintegration rate constant, Ai is the scattering coefficient of the i-th vesicle, ni is the number of the i-th vesicle, and in and i denote the size classes of the largest and the j-th vesicles sensitive to the turbidity changes at a certain wavelength. The absorbance (T = An) of a dispersed system containing monodispersed particles is given by16,17) 
Accordingly, the experimentally obtained first-order disintegration rate constant (k-a) contains an average size factor if), which may be useful to characterize the disintegration behaviors of dispersed systems with different size distributions. The turbidity changes of liposomes containing 0-57 mol% CH followed first-order kinetics. Figure 3 shows the pseudo-first-order rate constant (ks) obtained as a function of the initial turbidity and CH content at the constant sodium-cholate concentration of 0.01 M. The egg-PC/bile salt molar ratio was maintained at 0.1 throughout, i.e. excess of bile salt. The lc , value depended on the initial turbidities, which reflect different size distributions of vesicles, even when the composition of PC and CH was fixed, and the curves appeared to be generally biphasic. Values of ks for PC liposomes (CH free) were most sensitive to the initial turbidity. 
